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Introduction: Vasospasm is the most common cause of complication after a subarachnoid hemorrhage and
tremendous efforts have been made to prevent it. A subarachnoid clot is the cause of the vasospasm and
dissolving and washing it out is considered to be the best practice. Cisternal irrigation with urokinase and ascorbic
acid has been widely used due to its proven effect.
Case presentation: A 60-year-old Japanese male presented with a severe headache was diagnosed with a subarachnoid
hemorrhage and an immediate surgical obliteration was successfully performed. After clipping the aneurysm, a cisternal
drainage tube was placed in the chiasmatic cistern. In order to clear the thick subarachnoid hemorrhage, a cisternal
irrigation was performed. However, his consciousness deteriorated and his left pupil became dilated on the next
day. A T1 sagittal magnetic resonance imaging scan showed an evidence of marked brain sagging with mild
tonsillar descent. We continued intensive hydration and head-down positioning and the brain sagging was
shown to have improved in the follow-up magnetic resonance imaging scan.
Conclusions: We present a case in which our patient experienced brain sagging after a cisternal irrigation of a
subarachnoid hemorrhage. A subdural hematoma and low intracranial pressure suggested intracranial
hypotension. Sagittal magnetic resonance imaging images are useful to evaluate brain sagging and are shown
sequentially here in our case report.
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Symptomatic vasospasm is one of the most hazardous
problems affecting morbidity and mortality after an an-
eurismal subarachnoid hemorrhage (SAH) [1]. It is now
generally considered that cerebral vasospasm is induced
by some spasmogenic substances produced by a clot
around the cerebral arteries. Cisternal irrigation therapy
with urokinase (UK) has been performed to prevent
symptomatic vasospasm by dissolving and removing SAH,
and excellent results have been obtained [2,3]. In our case
report, cisternal irrigation therapy with urokinase (UK) re-
solved an extremely thick SAH and our patient did not
suffer from symptomatic vasospasm. However, soon after
the irrigation, his level of consciousness deteriorated* Correspondence: v2danyon@gmail.com
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article, unless otherwise stated.caused by brain sagging due to intracranial hypotension.
To the best of our knowledge, this is the first case of intra-
cranial hypotension caused by cisternal irrigation.
Case presentation
A 60-year-old Japanese male presented with severe head-
ache and was transferred to our hospital 12 hours after
the onset of symptoms. Diffuse, thick SAH was observed
on his computed tomography (CT) scan and a hematoma
in the right frontal lobe suggested a ruptured aneurysm at
the distal anterior cerebral artery (ACA) or anterior com-
municating (A-com) artery (Figure 1a). The degree of SAH
of the patient was classified as Fisher CT Group 3, and the
highest CT number (Hounsfield number) exceeded 60 in
the SAH, which suggested a significant risk for symptom-
atic vasospasm (Figure 1a). Subsequent digital subtraction
angiography (DSA) showed the same information on the
aneurysms and showed no aneurysm at the distal ACAentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
Figure 1 Clinical course of the case. (a) Computed tomography (CT) scan showing diffuse, thick SAH and hematoma in the right frontal lobe.
(b) DSA showing a left IC-PC aneurysm (arrowhead) and another suspected aneurysm at A-com (arrow). (c) MRA showing no severe vasospasm.
(d) MRI showing fresh subdural hematoma (e) T1 sagittal MRI (day 4) showing marked brain sagging with mild tonsillar descent. A dotted straight
line is drawn from the tuberculum sellae to the confluence of the straight sinus. A thick line is drawn indicating the distance from the mammillary
body to the line. (f) T1 sagittal MRI (day 15) showing the shorter distance than that of day 4. (g) T1 sagittal MRI (day 21) showing the shorter
distance than that of day 15. SAH, subarachnoid hemorrhage; DSA, digital subtraction angiography; IC-PC, internal carotid artery-posterior
communicating artery; MRA, magnetic resonance angiography; MRI, magnetic resonance image.
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best course of action and a left front-temporal craniotomy
was chosen in order to reach both aneurysms. After the
introduction of general anesthesia, we inserted a spinal
drainage tube which was kept closed until the craniotomy
was completed. There was a left internal carotid artery
(IC)-posterior communicating (PC) aneurysm which was
obviously not the rupture origin, but it was obliterated as
well. After clipping the aneurysm, we followed the left A1
and found the A-com aneurysm. This appeared to be the
rupture origin and a complete neck clipping was per-
formed without event.
After clipping the aneurysm, a cisternal drainage tube
was placed in the chiasmatic cistern. Two days after the
operation (day 2), 500ml of Lactated Ringer's solution
with urokinase (120IU/mL), and ascorbic acid (4mg/mL)
was infused at a rate of 30mL/hour from the cisternal
drainage tube and drained out from the lumber drainage
set at the level of the external auditory canal. We care-
fully checked his level of consciousness and also per-
formed the same procedure the next day (day 3). However,
his consciousness deteriorated and his left pupil became di-
lated on the next day (day 4), despite the fact that his mag-
netic resonance imaging (MRI) scan showed no severevasospasm (Figure 1c). His MRI showed a subdural
hematoma (Figure 1d) which was not present previ-
ously. His intracranial pressure level was below the
level of the external auditory canal (EAC). The deteri-
oration of his level of consciousness might have been
caused by brain sagging due to intracranial hypotension.
His T1 sagittal MRI showed evidence of marked brain sag-
ging with mild tonsillar descent (Figure 1e). The quantifi-
cation of brain sag has been described by measurement of
distance between a straight line drawn from the tubercu-
lum sellae to the confluence of the straight sinus and
the mammillary body in a sagittal view of MRI. The
mammillary body normally lies on this line [4]. Both of
his pupils became dilated on day 6. Even though his
MRA (magnetic resonance angiography) showed no
angiographic vasospasm, his level of consciousness did
not improve. We continued intensive hydration and
head-down positioning and the brain sagging improved
in his follow-up MRI scans (day 15 and 21) (Figure 1f, g).
Those MRI images showed a gradual enlargement of the
ventricles and worsening of the periventricular lesion (PVL).
A lumber puncture was performed on day 23 and the initial
pressure was 40cmH2O. A ventriculoperitoneal (VP) shunt-
ing was performed, after which he dramatically improved.
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Fisher et al. [2] reported that vasospasm was found in
almost all cases with a thick and widespread subarach-
noid clot on a CT scan (group 3 according to their grad-
ing scale). That is because some spasmogenic substances
produced from a clot around the cerebral arteries cause
cerebral vasospasm. Cisternal irrigation therapy with uro-
kinase (UK) has been performed to prevent symptomatic
vasospasm by dissolving and removing SAH [2,3]. Kodama
et al. reported that complications occurred in eight pa-
tients during irrigation therapy; two patients experienced
seizures, two patients developed meningitis, and four pa-
tients had an intracranial hemorrhage. However, all of
these patients recovered without neurological deficits [3].
In this case, the SAH was very thick and a severe vaso-
spasm was easily predicted to occur. We followed the
protocol used in the previous report [3] and the SAH
was washed out dramatically without the complications
described. However, brain sagging occurred soon after
the irrigation. We followed the same protocol as previ-
ous irrigations but have never experienced this compli-
cation. Intracranial hypotension is also associated with
brain sag [4]. A retrospective study found that 48% of
patients with intracranial hypotension also had descent
of the brain [5]. Patients can have slit ventricles, distor-
tion of the brain stem, and cerebellar tonsillar herniation
[6]. Brain sagging can result in transtentorial descent of
the diencephalon, potentially leading to changes in con-
sciousness [7]. In this case, the distance was the widest
soon after the irrigation (Figure 1e) and was gradually re-
ducing (Figure 1f, g). As his intracranial hypotension im-
proved, his CSF pressure elevated and he started to suffer
from hydrocephalus. Surprisingly, the pressure increased
to 40cmH2O. We hypothesize that the malabsorption of
cerebrospinal fluid (CSF) usually seen after SAH became
apparent as the intracranial hypotension was resolved.
Treatment options include conservative medical ther-
apy, epidural or intrathecal injections, and/or surgery.
Medical therapy involves bed rest, oral hydration, caf-
feine, and/or steroids [8]. Hydration aims to increase
CSF volume. The most commonly reported treatment
for intracranial hypotension is an epidural blood patch
(injecting autologous blood into the spinal epidural
space) [9]. In this case, we inserted the spinal drainage
tube on the first attempt, and there was no leakage
around the tube. After the tube was removed, his lumber
spinal MRI scan showed no CSF leakage. Therefore, we
did not attempt a blood patch, and focused on hydration
and head-down positioning. The brain sagging recovered
without the use of a blood patch.
Conclusions
Cisternal irrigation therapy with UK is an excellent pro-
cedure to prevent vasospasm after SAH. However, it cancause intracranial hypotension and brain sagging which
can result in transtentorial descent of the diencephalon,
leading to changes in consciousness. Though it seems
very devastating, the condition can be reversible with in-
tensive treatment such as hydration.
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